Abstract: Lithiated alkoxyallenes are very versatile components for the synthesis of heterocycles such as furans, pyrroles, and 1,2-oxazines, easily allowing the preparation of natural products via these heterocyclic intermediates. A surprising three-component synthesis of N-acylated enaminones allowed the synthesis of highly functionalized 4-hydroxypyridines, 5-acetyloxazoles, and pyrimidines. All these heterocyclic products are ready for further functionalizations, in particular for palladium-catalyzed reactions, leading to libraries of new interesting heterocycles.
INTRODUCTION
Alkoxyallenes are very versatile building blocks for the preparation of a variety of useful heterocycles [1] . This has been demonstrated by the (stereoselective) preparation of furan, pyrrole, piperidine [2] , and 1,2-oxazine derivatives [3] . The obtained heterocyclic intermediates can smoothly serve for the synthesis of a variety of interesting natural products and their analogs. The synthetic utility of alkoxyallenes is due to the reactivity pattern depicted in Fig. 1 . By lithiation at C1 various electrophiles can be connected with the allene moiety, which subsequently allows reactions with a nucleophile at the terminal C3, whereas a second electrophile can add to the central C2 carbon. The formation of heterocycles is generally induced by intramolecular nucleophilic addition to the terminal carbon (see Schemes 1 and 2). The synthesis of alkoxyallenes is fairly simple. After preparation of the corresponding propargylic ether this intermediate is converted into the more stable allenyl isomer by treatment with catalytic amounts of base [4] . This method is also applicable to alkoxyallenes with other alkyl groups at oxygen and to aryl-substituted allene derivatives.
prepare natural products with a 3-hydroxypyrrolidine substructure [12] or of key intermediates of fairly complex targets such as FR 901483 [13] in a stereoselective fashion (see Fig. 2 ).
A new three-component synthesis of functionalized pyridine derivatives
When we examined nitriles as electrophiles, lithiated alkoxyallenes provided the expected primary adducts (Scheme 3). They could be converted into the expected 3-methoxypyrrole derivatives, however, treatment of the primary intermediates with an excess of trifluoroacetic acid surprisingly furnished a mixture of two completely different products incorporating the carboxylic acid. In the first experiment, an enaminone and a 4-hydroxypyridine derivative were isolated in fairly low yield [14] .
The mechanism of this unusual reaction sequence is depicted in Scheme 4, revealing that protonation to give an iminium salt and subsequent reaction of this species with trifluoroacetate are crucial steps. Migration of the acyl group provides the enaminone, which can undergo an intramolecular aldoltype condensation to deliver the 4-hydroxypyridine derivative. Quite remarkably, an amide carbonyl group serves as electrophilic center in this ring-closure process. After understanding the mechanism, we were in the position to develop a new three-component synthesis of highly functionalized pyridine derivatives, which has a very broad scope with respect to the nitrile, carboxylic acid, and alkoxyallene components, thus allowing us to prepare a variety of new highly functionalized pyridine derivatives (Scheme 5) [15] . Even enantiopure components could be used, which led to pyridine derivatives being of interest as promising ligands in asymmetric catalysis [16] . Several of the 4-hydroxypyridine derivatives actually exist in preference in their tautomeric pyridin-4-one form. tection and nonaflation. Alternatively, oxidation of the methyl group allows conversion into carboxylic acids or aldehydes [20] .
CONCLUSION
All these new procedures to highly functionalized heterocycles demonstrate that the standard reactivity pattern of alkoxyallenes as expressed in Fig. 1 was remarkably expanded when the corresponding iminium salts (obtained by addition to nitriles) are involved. Now a nucleophilic species will add to the central allene carbon, whereas the terminal carbon acts as an electrophilic center. The new reactivity pattern leads to the smooth formation of N-acylated enaminones by the aforementioned three-component approach as depicted in Scheme 12. These enaminones not only provide highly functionalized pyridine derivatives, but they furnish by alternative protocols either oxazole or pyrimidine derivatives, both highly suitable intermediates for subsequent functionalizations. The combination of lithiated alkoxyallenes with nitriles (and carboxylic acids) allows the synthesis of a broad range of interesting heterocycles. Hence, the existing methods employing alkoxyallenes as functionalized C3 building blocks for the synthesis of heterocycles has been considerably expanded. 
